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TEE EFFECTS OF HIGH -LIFT DEVICES ON THE LOW -SPEED STABILITY 
CHARACTERISTICS OF A TAPERED 37.50 SWEPTBACK WING OF 
ASPECT RATIO 3 IN STRAIGHT AND ROLLING FLOW 
By M. J. Queijo and Jacob H. Lichtenstein 
SUMMARY 
An investigation has been conducted in the 6-foot circular test 
section of the Langley stability tunnel to determine the effects of split 
flaps, nose flaps, and slats in various combinations on the stability 
characteristics in straight and rolling flow of a 37.50 sweptback wing 
of aspect ratio 3, taper ratio 0.49, and NACA 23012 airfoil sections 
normal to the wing trailing edge. The Mach number and Reynolds number of 
the tests were 0.13 and 1,020,000, respectively. 
The results of the investigation indicate that the variation of the 
parameters with lift coeff~cient is essentially the same at low and 
moderate lift coefficients for all the configurations tested. The high-lift 
devices extended the initial trend of the derivatives to higher lift 
coeffiCients, and in some cases also caused small displacements of the 
curves plotted against lift coefficient. Nose flaps were not as effective 
as slats in extending the initial trend of the curves to high lift 
coefficients. Combinations of split flaps and slats produced effects 
which were approximately e~ual to the sum of the effects of split flaps 
alone and slats alone. 
INTRODUCTION 
Estimation of the dynamic flight characteristics of aircraft re~uires 
a knowledge of the component forces and moments resulting from the orienta-
tion of the airplane with respect to the air stream and from the angular 
velocity of the airplane about each of its three axes. The forces and 
moments resulting from the orientation of the airplane normally are 
expressed as the static stability derivatives which are r eadily determined 
in conventional wind-tunnel tests. The forces and moments r ela ted to the 
angular motions generally are expressed as the rotary derivatives and 
usually have been estimated from theory because of the lack of a convenient 
experimental techni~ue. 
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In the ' Langley stability t unnel both the rotary and static stability 
derivatives can be determined wi t h about the same ease, and a comprehensive 
program i s now under way to determine t he effects of various geometric 
variables on both the r otar y and s tatic stability characteristics of wings 
and compl ete airpl ane configura tions . A previous investigation into the 
effect of high -lift devices i n yawing f l ow was repor ted in reference 1. 
The pr esent i nvestigation is concer ned with the determination of the 
influence of var ious high-lift devices on the static and rolling character-
istics of a 37 .50 sweptback wing of aspect ratio 3, taper ratio 0 .49, and 
NACA 23012 air foil sections normal to the wing trailing edge. The wing 
was tested in combination with a cir cular fuselage . 
SYMBOLS 
The r esults of the tests are pr esented as standar d NACA coefficients 
of for ces and moments which are r efer red to the system of stability axes 
(fig . 1) with the or igin at the pr ojection on the plane of symmetry of the 
~uarter- chord point of the mean aer odynamic chord of the model (fig. 2) . 
The symbols and coefficients used herein are defined as follows: 
CL . l ift coefficient (L\, \~S) 
L 
x 
Y 
L' 
N 
longitudinal-for ce coefficient (q~) 
la teral -for ce coefficien t (Y) 
\ qS 
r olling-moment coeffic i ent ( L'~ 
\~Sb) 
yawing-moment coeff ic i en t ( N \ 
\.qSb) 
pitching-moment coefficient ( M~ 
\~So/ 
lift, pounds 
longitudinal force, pounds 
l a ter al for ce, pounds 
r olling moment, foot - pounds 
yawi ng moment, foot- pounds 
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M 
q 
p 
v 
s 
b 
c 
c' 
x 
-
x 
Y 
A 
A 
A. 
... 
a. 
p 
EE. 
2V 
CL 
dCL 
= --
a. da. 
pitching moment 7 foot-pounds 
(PV
2
2, 
dynamic pressure, pounds per square foot \ ) 
mass density of air, slugB per cubic foot 
free-stream velocity, feet per second 
wing area, square feet (3·93 sq ft) 
wing span, feet (3.24 ft) 
chord of wing, measured parallel to plane of symmetry, feet 
°82 fob/2 c2 ~J mean aerodynamic chord, feet (1.096 ftl \ Jo UJ) 
local wing chord measured perpendicular to the wing quarter- chord 
line, feet 
longitudinal distance from the root-chord leading edge to the 
quarter chord at any spanwise station, feet 
longitudinal distance from the root-chord leading edge to the 
aerodynamic center, feet (0.904 ft) 
perpendicular distance from the root chord to any point on the 
quarter-chord line, feet 
aspect ratio ( bS
2 ) 
angle of sweep, positive for sweepback, degrees (37 .50 ) 
taper ratio, ratio of tip chord to .root chord (0.49) 
angle of yaw, degrees 
angle of attack, degrees 
rate of roll, radians per second 
wing-tip helix angle, radians 
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. CY'f 
dCy 
(j'f 
C ::: dCn 
n)jr d)jr 
CI t ::: 
dC I 
d)jr 
Cy ::: 
dCy 
p 
dPb 
2V 
cn 
::: 
dCn 
p ~ 
2V 
CI 
del 
21Pb p 2V 
MODEL AND APPARATUS 
The tests of the pr esent investigation were made in the 6-foot circu-
lar test section of the Langley stability tunnel. This section is e~uipped 
with a motor-driven rotor which imparts a twist to the air stream so that 
a model mounted rigidly in the tunnel is in a field of flow similar to 
that which exists about an airplane in rolling flight '(reference 2) . 
The wing used in this investigation was made of mahogany and had 37 .50 
sweepback of the ~uarter -chord line, aspect ratio 3, taper ratio 0.49, and 
NACA 23012 airfoil sections in planes normal to the wing trailing edge. 
The wing was mounted in a circular fuselage so that its root chord coin-
cided with the fuselage center line. Figure 2 is a drawing of the basic 
model of this investigation. 
The high-lift devices used with the wing-fuselage combination were 
slats, nose flaps, and split flaps (fig. 3) . All slats had chords which 
were 10 percent of the wing chord (measured normal to the wing ~uarter ­
chord line) and all split flaps had chords which were 20 percent of the 
wing chord (normal to wing ~uarter-chord line). The slats were made by 
.. 
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bending strips of ~6-inch aluminum sheet to fit the contour of the wing 
leading edge. A l-inch-wide strip of aluminum was riveted to the lower 
8 
surface of the slat leading edge, and then the leading edge was r ounded 
smooth. This simplified construction probably did not r esult in ideal 
slat contours, but it. should be adeCluate for pr oviding Clualitative indi-
cations of the effects of slats on the parameter s investigated. 
The nose flaps were simulated by placing the slat t railing edge 
against the wing l eading edge . Some overlap of the nose flap over the 
wing l eading edge was necessary for proper mounting and, ther efor e, the 
nose-flap chord was about 9 percent of the wing chord. 
A deflection of 600 was used for all the split flaps . Nose flaps 
and slats were deflected 500 . 
5 
Tests wer e made of t he 10 model configurations indicated in figure 4. 
The word "wing" is applied to t he wing-fuselage combination. The slats 
r eferr ed to as 0. 5 -span slats extended from the O . ~ station to the wing 
2 
tip, and the split flap referred to as the 0. 5- span split flaps extended 
from the wi ng-fuselage juncture to the O.~ station. 
The model was mounted on a Single-str ut support i nto which was built 
a six-component strain-gage balance system by which all the forces and 
moments on the model could be measured. Figure 5 is a photograph of one 
of the model configurations in t he rolling-f low tes t section of the 
Langley ~tability tunnel. 
TESTS 
Two ser ies of tests were made. The first series consisted of 
straight-flow tests in which the model yaw angle waS varied from - 50 to 50, 
and the angle of attack was varied f r om about -40 up to or slightly beyond 
the stall angle . The second series of tests was made in rolling f l ow and 
covered the same angle-of-attack range as that used in straight flow . The 
r olling-flow tests were made at zer o anple of yaw and simulated rates of 
r oll corr esponding to val ues of pb/2V of 0, ±0.0268, and ±0 .OBD2. 
All tests were made a t a dynamic pressure of 24 .9 pounds per sCluare 
foot, which corresponds to a Mach number of 0.13 and a Reynolds number of 
1,020,000 based on the model mean aer odynamic chord (1.096 ft) . 
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CORRECTIONS 
Approximate cor rections, based on UllBwept-wing theory, for the effects 
of the j et boundaries have been applied to the angle of attack and the 
longitudinal-force coefficient. No tare corrections were applied to the 
data nor were the data corrected for the effects of blocking or turbulence. 
It is believed that the omission of these corrections does not appreciably 
affect the derivatives of the for ces and moments with respect to yaw angle 
and wing-tip helix angle ~reference 3) . 
RE3UL'ffi AND DISCUSSION 
Presentation of Data 
The longitudinal characteristics of the various model configurations 
are shown as curves ·of ~, CX' and Cm plotted against CL in figures 6, 
7, and 8, respectively . The static lateral-stability parameters C1 ' V Cnt, and Cy~ are plotted in figures 9, 10, and ll, respectively; and 
the r olling derivatives C1 ' Cn ,and Cy are presented in figures 12 , p P p 
13, and 14, r espectively. The data for the 10 model configurations are 
divided into three groups in each figure . The groups are (1) wing with 
split flaps, (2) wing wit~ slats or nose flap, and (3) w~g with combi-
nations of split flaps and slats. The character isticD of the plain wing 
are included in each of the groups in order to provide a basis for com-
parison with results obtained with various high-lift devices installed. 
Characteristics of Plain Wing 
The characteristics of the plain wing generally were gQod in that 
there wer e no abrupt changes in any of the derivatives up to approximately 
maximum lift. Tests of other swept wings (reference 4) had indicated 
large changes in the derivatives at moderate lift coefficients. The 
more favorable characteristics of the present wing probably are a result 
of the moder ate sweep angle in combination with a low aspect ratio. 
The pitching-moment curve of figure 8 is essentially linear up to 
the stall and has a stable break at the stall. 
The effective dihedral parameter C1w increased linearly with lift 
coefficient up to approximately maximum lift (fig. 9) and then decreased 
very rapidly beyond maximum lift. The directional stability of the 
, 
.. 
.. 
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model Cn V increased approximately as the square of the lift coefficient 
(fig. 10) as might be expected from the theory of reference 5 . At about 
the maximum lift coefficient, Cn~ broke in a positive direction . 
The damping in roll CI 
p 
(fig. 12) showed some increase with lift 
coefficient and, although this trend is not indicated by theory, it has 
-been observed-in other testB of swept wings (references 4 and 6) . Nega-
tive damping (Positive Clp) was obtained beyond maximum lift, indicating 
that the model would autorotate if it were free to rotate. The yawing 
moment due to roll Cnp was negative at all lift coefficients below 
maximum lift but became positive beyond maximum lift (fig. 13). 
Some of the important measured derivatives of the model are summarized 
in table I. The experimental results are compared with the approximate 
theory of reference 5 and, where possible, with the theory of Weissinger 
(references 7 and 8). The comparison between theory and experiment gener-
ally is considered to be fair with the exception of C~/~. The differ-
ence between the theoretical and measured values of C~/CL probably 1s 
caused by the wing-tip suction forces associated with asymmetric load 
conditions. Such forces were not accounted for in r efer ence 5 . Refer-
ence 9 indicates that good agreement between theoretical and measured 
values of C~JCL might be obtained if the tip suction forces were 
accounted for. 
Effects of Split Flaps 
The 0. 5- span and 1.0-span split flaps produced lift-coefficient incre-
ments of about 0.33 and 0.48, respectively, and these increments remained 
approximately constant, even to the maximum lift coefficient. Tests of 
other swept wings (refer ences 1 and 10) have indicated that flap effective-
ness in pr oducing lift generally decreases with increase in lift 
coef-flcient. 
Split flaps increased the longitudinal force very appreciably and 
made the pitching moment more negative. The slope of the pitching-
moment curve was not appreciably affected by the 0. 5 -span split flaps; 
however, the 1.0-span flaps made the slope of the pitching-moment curve 
less negative. The 0· 5- span split flaps generally made CI , l ess positive 
and the 1.0-span split flaps made CIt more positive. These displace-
ments of the CIV- curve probably were caused by the shift in the center of 
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pressure of the wing when flaps were deflected . The 0.5-span split flaps 
shift the center of pressure inboard thus giving the lift forces on the 
wing panels shorter moment arms and making CI~ less positive. The 1.0-
span split flaps shifted the center of pressure slightly outward (because 
the flaps did not extend t hrough the fuselage) and made the CI~ -curve 
slightly more positive. 
The addition of split flaps generally caused minor displacements of 
the curves of the derivatives Cn~' C~, and CyP plotted against lift 
coeffici ent. The actual mechanism of the flap effect on these derivatives 
is rather complicated and has not yet been fully analyzed. At low and 
moderate lift coefficients the derivative CI was almost unaffected by p 
the addition of split flaps. In this case the explanation seems to be 
straightforward, since the addition of split flaps would be expected to 
have little effect on either the magnitude or the location of the center 
of pressure of the incremental load caused by rolling. For the model 
investigated, the addition of split flaps invariably caused an extension 
to higher lift coefficients of the trends in the derivatives that were 
noted at low lift coefficients for the plain wing. 
Effects of Slats and Nose Flaps 
The addition of slats or nose flaps caused the lift curve to be 
extended to higher angles of attack, thus providing increments in maximum 
lift coefficient amoanting to 0.18 for the 0·5-span slat, 0.39 for the 1 .0-
span slat, and 0.27 for the 1.0- span nose flap. The nose flap and slats 
tended to move the aerodynamic center slightly forward, as is indicated by 
the decr eased negative slopes of the pitching-moment curves (fig. 8). A 
forward shift in aerodynamic center would be expected since the nose flap 
and slats effectively extend the leading edge of the wing forward. 
In general, the leading-edge slats and nose flaps caused very little 
displacement of the curves for the various stability derivatives at low 
and moderate lift coefficients. The primary effect appeared to amount to 
extensions of the linear (or smooth) portions of the curves to higher lift 
coefficients; however, the nose flap was not as effective as the slats in 
maintaining the linear trends to higher l ift coefficients. A relatively 
large displacement, in a negative direction, of the C1V-curve resulted 
from the addition of the 1 .0-span slat. The slats and nose flaps caused 
small increases in the damping in roll (negative C1p) at moderate lift 
coefficients. This probably results from the effective increase in wing 
area that accompanied the addition of either the nose flaps or slats. 
, 
.. 
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Effects of Combinations of Split Flaps and Slats 
In general, combinations of split flaps and slats had two major 
effects on the wing character istics . One of these eff ects was the exten-
sion of the linear portion of the curves of wing characteristics to higher 
lift coefficients, and the other effect was the di splacements of some of 
the curves . The data of figures 6 to 14 indicate that these extensions 
and displacements are approximately what would be expected from the results 
obtained for the effects of split flaps alone and slats alone . Figure ~ 
indicates that the combination of the wing with 1.O-span slats and O· 5- span 
split flaps produces very nearly the same maximum lift coefficient as the 
wing with 1.O-span slats and 1 .O-span split flaps; however, the pitching-
moment variation at the stall is not a s satisfactory for the former 
combination as for the latter combination . . An effect shOlm by the combi -
nation of split flaps and slats (not shown by slats alone or split flaps 
a l one) is the change in lift -curve slope at low lift coefficients for some 
of the configurations (fig . 6). It is believed that the increase in damping 
in roll at low lift coefficients of some of the configurations (fig. 12) is 
associated with the changes in the lift-curve slope. 
CONCLUSIONS 
The results of tests made to determine the effects of high-lift 
devices on the stability parameters of a tapered 37.50 sweptback wing of 
aspect ratio 3 in straight and r olling flow have led to the following 
conclusions: 
1 . The variation of the parameter s with lift coefficient is essentially 
the same, at low and moder ate lift coeffiCients, for all the configurations 
tested. 
2 . The high-lift devices extended the initial trend of the parameter s 
to higher lift coefficients and in some cases caused small displacements 
of the curves plotted against lift coefficient. 
3. Nose flaps were not as effective as slats in extending the initial 
trend of the curves to high lift coeff icients. 
4. Combinations of split flaps and slats produced effects which were 
approximately equal to the sum of the effects of split flaps alone and 
slats alone. 
Langley Aeronautical Laboratory 
National Advisory Committee for Aeronautics 
Langley Field, Va . 
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TABLE I 
COMPARISON OF MEAS:uRED AND CALCUIATED PARAMWI'ERS FOR THE PLAIN WING 
Parameters Experimental Calculated Calculated (reference 5) (references 7 and 8) 
CL 0.053 0.047 0.048 a, 
Cly /CL .0047 .0035 -----
cnyjcL2 -.0012 - .0010 ---- -
C1 - .250 - .230 -. 237 p 
cnp/cL - .090 - .047 -----
CYp/cL .45 .47 -- ---
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Figure 1. - System of stability axes. Arrows indicate positive directions 
of forces, moments, and displacements. 
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Figure 2. - Drawing of wing-fus elage combination. 
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"Figure 3. - Details of split flaps and slats. 
COf/(;ptlrol!ons kskc! Typed 
Model 
~ 
.~ Model Mode! dcsl9'fJo!/Of) 
number 
1 VVng 
2. Win; wdh lob nose flops 
3 Wmg wilh osb slots 
4- Wmg wi/h lob J/cY/u 
s Win!! wtlh osb spiff flops 
6 Vim; wr/h lob spiff flops 
7 Wmg wi/hasb slats am asb spirt flops 
8 Wlnq win lob dolo and o.sb split flops 
9 Wmg wtlh osb slats oncilob spN flops 
10 Win! wllh lob slats o(}d loD splr t flaps 
Figure 4. - Model configurations tested. 
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Figure 5.- Photograph of model in tunnel. Model has O. 5-span split flaps and O.5-span slats. 
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Figure 6. - Effects of high -lift devices on the variation of angle of 
attack with lift coefficient for a tapered 37.50 sweptback wing. 
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Figur e 7. - Effects of high -lift devices on the varia tion of longitudinal 
fo r ce with lift coefficient for a tapered 37.50 sweptback wing. 
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Figure 8. - Effects of high -lift devices on the variation of pitching 
moment with lift coefficient for a tapered 37.50 sweptback wing. 
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Figure 9. - Effects of high -lift devices on the variation of C l 
with lift coefficient for a tapered 37.50 sweptback wing. t 
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Figure 10. - Effects of high -lift devices on the variation of en t 
with lift coefficient for a tapered 37.50 sweptback wing. 
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Figure 11. - Effects of high-lift devic es on the variation of Cy", 
with lift coefficient for a tapered 37. 50 sweptback wing. 
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Figure 12. - Effects of high -lift devices on the variation of C~ 
with lift coeffici ent for a taper ed 37.50 sweptback wing. p 
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F igure 13. - Effects of high - lift devices on the variation of C np with 
lift coefficient for a tapered 37.50 sweptback wing. 
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Figure 14.- Effects of high -lift devices on the variation of CYp with 
lift coefficient for a tapered 37.50 sweptback wing. 
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